Abstract The objective of this article is to systematically analyse the randomized, controlled trials comparing open (OPPR) versus laparoscopic (LPPR) preperitoneal mesh repair of inguinal hernia. Randomized, controlled trials comparing OPPR versus LPPR of inguinal hernia were analysed systematically using RevMan®, and combined outcomes were expressed as odds ratio (OR) and standardized mean difference (SMD). Ten randomized trials evaluating 1286 patients were retrieved from the electronic databases. There were 606 patients in the OPPR repair group and 680 patients in the LPPR group. There was significant heterogeneity among trials (p < 0.0001). Therefore, in the random effects model, LPPR was associated with longer operative time and relatively lesser postoperative pain in the case of the trans-abdominal preperitoneal approach. Statistically, both OPPR and LPPR were equivalent in terms of developing chronic groin pain, recurrence and postoperative complications. OPPR of inguinal hernia is associated with shorter operative time and comparable with LPPR (both total extraperitoneal and trans-abdominal preperitoneal approaches) in terms of risk of chronic groin pain, recurrence and complications.
Introduction
Numerous studies have been reported in the medical literature in attempts to improve the outcome measures following inguinal hernia operations, and due to this fact, the procedure is evolving vastly and immensely, predominantly over the last few decades. Recurrence of inguinal hernia was a significant problem in early days of hernia surgery; however, with the introduction of the tension-free mesh repair, the Lichtenstein repair [1] , decline in the recurrence rate of hernia was consistently reported, and now it is as low as 1-4 % [2-6], a drop from up to 50 to 60 %. Simultaneously, with this drop in the hernia recurrence rate, investigators and surgeons started facing rather different and unique challenges of an increased incidence of chronic groin pain (CGP), foreign body sensations, reduced groin elasticity and impaired groin compliance following mesh repair of both laparoscopic and open inguinal hernia. The mechanisms involved in the development of CGP following mesh repair of inguinal hernia repair are multifactorial. Contributing factors can be divided into three major categories. Patient-related factors include previous use of analgesics, previous groin operations, anxiety disorders, depressive disorders, impaired immunity, diabetes mellitus and various forms of neurological disorders [7] [8] [9] . Hernia surgery-related factors include wound haematoma, surgical site infection, regional nerve injury, stitch ligation or entrapment of the regional nerves and tension repair of inguinal hernia [10, 11] . Mesh biomaterial in the form of lightweight mesh and heavyweight mesh has also been reported to be involved in the aetiology and pathogenesis of chronic groin pain [12] [13] [14] [15] . Mesh fixation techniques potentially contributing to the development of chronic groin pain include the use of staples, tackers, sutures, autologous glues and synthetic glues [16] [17] [18] [19] [20] [21] . Various measures to counteract the issues related to CGP and less predominantly related to hernia recurrence are being explored continuously. Placement of mesh in the preperitoneal space to avoid direct regional nerve dissection and their exposure to bioreactive synthetic mesh during laparoscopic approach in inguinal hernia surgery led a way forward to achieve the same objective. However, preperitoneal mesh placement by open approach could not be adopted with open arms for unknown reasons. The objective of this article is to systematically analyse the randomized, controlled trials comparing open (OPPR) versus laparoscopic (LPPR) preperitoneal mesh repair of inguinal hernia in terms of their effectiveness in controlling the development of CGP and hernia recurrence.
Methods

Identification of Trials
Randomized, controlled trials (irrespective of language, country of origin, hospital of origin, blinding, sample size or publication status) comparing OPPR versus LPPR were included in this review. We included all trials in which a mesh was placed in the preperitoneal space through a trans- references from the included trials were searched to identify additional trials.
Data Extraction
Two authors independently identified the trials for inclusion and exclusion and extracted the data. The accuracy of the extracted data was further confirmed by a third author. There were no discrepancies in the selection of the trials or in data extraction between the reviewers, except in the case of recording the severity of pain according to the measurement scales and timing of the recorded data. All reviewers agreed that blinding was impossible to achieve in the case of the operating surgeon. However, there was disagreement with regard to whether the trials should be classified as having a high or low risk of bias based on four parameters, i.e. randomization technique, power calculations, blinding and intention-to-treat analysis. It was agreed that the lack of an adequate randomization technique and an intentionto-treat analysis would result in the trials being classified as having a high risk of bias. In case of any unclear or missing information, the reviewers planned to obtain those by contacting the authors of the individual trials.
Statistical Analysis
The software package RevMan 5.1.2 [23] , provided by the Cochrane Collaboration, was used for the statistical analysis to achieve a combined outcome. The odds ratio (OR) with a 95 % confidence interval (CI) was calculated for binary data, and the standardized mean difference (SMD) with a 95 % CI was calculated for continuous data variables. The random effects model [24, 25] was used to calculate the combined outcomes of both binary and continuous variables. Heterogeneity was explored using the chi 2 test, with significance set at p<0.05, and was quantified [26] using I 2 , with a maximum value of 30 % identifying low heterogeneity. The Mantel-Haenszel method was used for the calculation of OR under the random effects models [27] . In a sensitivity analysis, 0.5 was added to each cell frequency for trials in which no event occurred in either the treatment or control group, according to the method recommended by Deeks et al. [28] . If the standard deviation was not . This process involved assumptions that both groups had the same variance, which may not have been true, and variance was either estimated from the range or from the p value. The estimate of the difference between both techniques was pooled, depending upon the effect weights in results determined by each trial estimate variance. A forest plot was used for the graphical display of the results. The square around the estimate stood for the accuracy of the estimation (sample size), and the horizontal line represented the 95 % CI. The methodological quality of the included trials was initially assessed using the published guidelines of Jadad et al. and Chalmers et al. [29, 30] . Based on the quality of the included randomized, controlled trials, the strength and summary of the evidence were further evaluated by GradePro® [31] , a tool provided by the Cochrane Collaboration. We classified chronic groin pain and recurrence as primary outcome measures. Duration of operation, postoperative pain and postoperative complications were analysed as secondary outcome measures.
Results
The PRISMA flow chart to explain the literature search strategy and trial selection is given in Fig. 1 . Ten randomized, controlled trials [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] recruiting 1286 patients were retrieved from commonly used standard medical electronic databases. There were 606 patients in the OPPR repair group and 680 patients in the LPPR group. The characteristics of the included trials are given in Table 1 . The salient features and treatment protocols adopted in the included randomized, controlled trials are given in Table 2 . The short summary of data and selected primary and secondary outcome measures used to achieve a summated statistical effect are given in Table 3 . Three included trials [34, 35, 41] reported four study arms, but their exclusive data pertaining to OPPR and LPPR was used for this analysis. Similarly, we used data of OPPR versus LPPR arms from two trials which reported three and five study arms [36, 37] .
Methodological Quality of Included Studies
According to Jadad et al. and Chalmers et al. [29, 30] , the quality of the majority of included trials was low due to the inadequate randomization technique and absence of adequate allocation concealment, power calculations, blinding and intention-to-treat analysis (Table 4) .
Based on the quality of included randomized controlled trials, the strength and summary of evidence analysed on GradePro® 31 are given in Fig. 2 .
Primary Outcomes Measures
Chronic Groin Pain Eight randomized, controlled trials [32] [33] [34] [35] [36] [37] [38] 40] Fig. 3 ), the risk of developing chronic groin pain following OPPR and LPPR was statistically similar.
Recurrence Seven randomized, controlled trials [32] [33] [34] [35] [36] [37] [38] Fig. 4 ), the risk of developing recurrent inguinal hernia following OPPR and LPPR was statistically similar.
Secondary Outcomes Measures
Postoperative Complications Nine randomized, controlled trials [32] [33] [34] [35] [36] [37] [38] [39] [40] Fig. 5 ), the risk of developing postoperative complications was statistically similar in both groups. Fig. 6 ), the duration of operation for OPPR was shorter than LPPR.
Duration of Operation: OPPR Versus LPPR (TEP) Seven randomized, controlled trials [34] [35] [36] [38] [39] [40] [41] contributed to the combined calculation of this variable. There was significant heterogeneity (Tau 2 = 1.71; chi 2 = 201.31, df = 6, [p < 0.00001]; I 2 = 97 %) among trials. Therefore, in the random effects model (SMD, −1.14; 95 % CI, −2.13, −0.14; z=2.24; p<0.03; Fig. 7 ), the duration of operation for OPPR was shorter than LPPR.
Postoperative Pain: OPPR Versus LPPR (TAPP) Three randomized, controlled trials [34, 35, 37] contributed to the combined calculation of this variable. There was no heterogeneity (Tau 2 =0.01; chi 2 =2.28, df=2, [p=0.32]; I 2 =12 %) among trials. Therefore, in the random effects model (SMD, 0.32; 95 % CI, 0.01, 0.64; z=2.01; p<0.04; Fig. 8 ), the LPPR (TAPP) was associated with lesser postoperative pain.
Postoperative Pain: OPPR Versus LPPR (TEP) Three randomized, controlled trials [33] [34] [35] contributed to the Fig. 9 ), the LPPR (TEP) was associated with lesser postoperative pain but statistically it was not significant.
Discussion
This systematic review demonstrates that OPPR of inguinal hernia is associated with shorter operative time and comparable with LPPR (both total extraperitoneal and trans-abdominal preperitoneal approaches) in terms of risk of chronic groin pain, recurrence, complications and postoperative pain. Based on the results of this review article, routine use of OPPR may be considered for inguinal hernia repair. The potential advantages of OPPR will be economical. The current literature failed to report any randomized, controlled trial comparing the economic burden and cost of OPPR and LPPR. Therefore, a definitive conclusion on the cost-effectiveness of OPPR may not be inferred from this study. However, there are several studies which reported the cost-effectiveness of laparoscopic inguinal hernia repair compared to conventional open repair [42] [43] [44] . The estimated cost of LPPR is US$1250 compared to US$600 for OPPR. OPPR of inguinal hernia has also been proven more effective against Lichtenstein repair [42, 45, 46] due to lower risk of developing chronic groin pain, and it is comparable in terms of risk of hernia recurrence, postoperative complications, duration of operation and intensity of postoperative pain. The difference of cost between TEP and TAPP repair of the inguinal hernia is not reported in the medical literature yet. However, two published studies have reported minimal difference or TAPP being slightly expensive [47, 48] .
Authors are aware of the fact that OPPR of inguinal hernia is not performed routinely and surgeons may have to learn the procedure before implementing into the current surgical practice. Authors believe it is a simple procedure and the learning curve will be less steeper compared to the learning curve for laparoscopic repair of the inguinal hernia. The purpose of this article is to not to direct hernia surgeons but highlight an alternative approach of the inguinal hernia repair which may be as effective as the laparoscopic approach with aforementioned advantages.
There are several limitations to the present review. There were significant differences in inclusion and exclusion criteria among the included randomized, controlled trials such as the recruitment of unilateral inguinal hernia, bilateral inguinal hernia, recurrent inguinal hernia and femoral hernia. Further sub-classification of the inguinal hernia in the form of direct and indirect was also not considered at the time of patient selection. Varying degrees of differences also existed among included randomized, controlled trials regarding the definitions of Bchronic groin pain^and Bmeasurement scales for postoperative pain^. Randomized, controlled trials with fewer patients in this review may not have been sufficient to recognize small differences in outcomes. Included trials with more than two treatment arms may also be considered a biased approach for inclusion. Quality of included trials was poor due to inadequate randomization technique, allocation concealment, power calculations, blinding and intention-to-treat analysis (Table 4) . Variables like foreign body sensation, groin stiffness and decreased groin compliance should have been considered because displaced and rolled up mesh is likely to cause these symptoms. Studies evaluating cost-effectiveness and health-related quality of measurement should also be considered before recommending the routine use of OPPR for inguinal hernia. Our conclusion is based on the summated outcome of ten randomized, controlled trials, but it should be considered cautiously because the quality of the majority of included trials was poor. There is still a lack of stronger evidence to support the routine use of OPPR, but it can be considered an alternative and may be applied in a selected group of patients in the beginning. The statistical equivalence shown in primary outcomes of both limbs of this study does not mean a clinical equivalence, and therefore, the most important implication of this article is to pave the pathway for further research to achieve stronger evidence. A major, multicentre, randomized, controlled trial of high quality according to CONSORT guidelines is mandatory to validate these 
